An improved method of using fluorescein-labeled antibody for the detection of polysaccharide, protein, and teichoic acid antigens synthesized by streptococcal colonies on an agar surface is described. The bacteria were grown on the surface of an agar medium contained in the shallow well of an immunodiffusion slide. An agar overlay containing the fluorescein antiserum was dispensed over the colonies, excess antiserum was washed out of the overlay agar, and the fluorescent colonies were observed under an ultraviolet microscope. The shallow well in the immunodiffusion slide prevented the agar from floating loose during washing, and the agar overlay prevented the fragmentation and loss of colonies. The thin layer of agar facilitated microscopic examination and the counting of fluorescent and nonfluorescent colonies. Colonies producing an antigen against which the antiserum was directed could readily be distinguished from colonies not producing the antigen. The specificity of the method was shown by using mixtures of streptococci representing six serological groups and five types. Those not known to possess cross-reacting antigens were specific in their reaction to the fluorescein antibody. Cross-reactions between the group antigens of A, C, and G, as reported previously by fluorescent staining of streptococcal suspensions, were also seen. Group A colonies reacted weakly with fluorescent E antibody and vice versa. The extraction of this antigen with cold trichloroacetic acid indicates it was related to the teichoic acids. Colonies possessing polysaccharide, protein, and teichoic acid antigens gave equally strong fluorescent reactions. This procedure permits detection of the synthesis of antigen which could not be observed by the use of a selective medium; it also eliminates the necessity for subculture of each colony and testing by appropriate serological means. Such a technique has value for studies in classification and biochemical genetics, and should be applicable to other genera of bacteria.
Recent studies (7) have shown that certain strains of streptococci can be transformed to the synthesis of group F type polysaccharide antigen. A new procedure using fluorescein-labeled antibody for the detection of polysaccharide antigen in colonies on petri plates was developed. The agar surface in petri plates was flooded with labeled antiserum, washed with saline, dried, and observed with an ultraviolet microscope. Certain difficulties were inherent in this technique. Flooding and washing the agar often caused many colonies to fragment and float off the surface. Also, the use of petri dishes prevented an examination of those colonies growing at the edge of the agar, owing to the rim of the dish, and hindered the systematic enumeration of the fluorescent colonies. In Table 1 . These mixed cultures were then diluted to 106 in saline and plated as described below. Mixed cultures were employed in this work to illustrate the selectivity of the method and to serve as controls; however, pure cultures would routinely be used.
Plating procedure. Disposable plastic immunodiffusion slides (Hyland Immunoplate, Travenol Laboratories Inc., Los Angeles, Calif.) were used for plating. The slides were first placed in 100-mm square plastic petri dishes and sterilized for 20 min by ultraviolet (UV) irradiation by use of a Westinghouse G15T8 Sterilamp. A 4.0-ml amount of plating medium composed of Todd-Hewitt broth, 2% (w/v) glucose, and 1.5% (w/v) agar (BBL) was pipetted into the well of each slide (Fig. 1) ; 0.1 ml of the 10-dilution of a mixed culture was spread over the surface of the agar medium. The slides were incubated in an upright position at 37 C for 48 hr. Approximately 1.0 ml of sterile water was pipetted into each petri plate to prevent drying of the agar during incubation.
Serological procedure. After incubation, a 1.5-ml overlay of fluorescent antiserum, diluted 1:10 in 0.8% (w/v) Ionagar The antisera were tagged with fluorescein isothiocyanate (BBL; reference 2). Table 1 lists the mixed cultures used in these studies, the fluorescent antiserum used to stain each slide, and the results of the precipitin tests carried out on broth cultures of single fluorescent colonies taken from the slides. The fluorescent staining of each colony was specific for group and type antigen, except for the significant crossreactions known to exist between groups A, C, and G (4). In the case of mixed culture no. 5, composed of N19 (group A) and K64 (group C) and stained with group A antiserum, the group A colonies could not be distinguished from the group C colonies on the basis of the degree of fluorescence. In mixed culture no. 8, composed of N19 (group A), H258 (group G), and K64 (group C), stained with group G antiserum, the group C and G colonies each possessed approximately the same degree of fluorescence as the other. However, the group A colonies appeared much less fluorescent than either the C or G colonies. Figure 2 illustrates the typical appearance of colonies of an F57 and MG216 mixed culture after staining with fluorescent anti-group F serum. Figure 2a was taken with white light and Fig. 2b Immunoplates were selected for this procedure because they contain a shallow well into which the plating medium could be dispensed. This well served to hold the agar layer in place during washing. Previous attempts with flat glass slides often resulted in the agar layer floating loose during washing. The thin layer of agar also facilitated examination by UV microscopy. The use of slides instead of petri dishes was also advantageous, because they could be clamped into the movable stage of the microscope and systematically scanned over the entire agar surface. An accurate count of the total colonies and the fluorescent colonies could be obtained.
RESULTS
An overlay of agar containing the antiserum was used to prevent fragmentation and loss of colonies which occurred in the flooding with antiserum and washing the agar surface with saline in either a petri dish or on a glass microscope slide. The 1:10 dilution of the antiserum in the overlay was found to be of sufficient concentration to give a readily visible reaction with the antigens of the streptococcal cells, but yet excess unreacted antiserum was readily washed out of the agar overlay within a 2-hr period. The removal of this excess antiserum was necessary to obtain a high contrast between the fluorescent A weak cross-reaction was obtained between groups A and E when the colonies were stained with fluorescent antibody. The intensity of fluorescence was markedly different between the homologous and heterologous colonies. Precipitin tests of these colonies also showed this weak cross-reaction. Recent studies in this laboratory have shown that cold trichloroacetic acid extracts (1) of group A and group E streptococci contain a common antigen which gives a strong precipitin reaction. This result is probably due to a teichoic acid-like substance, and indicates that the routine procedure of extraction of precipitating antigen from whole streptococcal cells with 0.1 N HCI removes teichoic acid-like material as well as polysaccharide and protein antigens. However, the weakness of the reaction with the acid-extracted material indicates the procedure is not to be preferred and may cause a partial degradation of the substance. This antigen is probably not related to the polyglycerophosphate found in many streptococcal groups (3). Polyglycerophosphate is not frequently encountered among group A strains and, if present, would have been responsible for a much stronger precipitin reaction between A and E. In addition, the stability of the glycerophosphate at pH 2 and 100 C is not compatible with present results.
In the absence of cross-reactions, the fluorescent-staining method can be used to determine the DEDDISH AND SLADE group and type antigens being synthesized by streptococcal colonies on an agar surface. Carbohydrate group antigens A, C, G, E, and F, and types I and III (group F), the teichoic acid group antigen of group D, and the protein antigen type 19 (group A) were all detectable by using the fluorescent-staining method. All antigens tested gave positive results in the presence of specific antiserum. No staining was observed with normal rabbit serum.
